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FOREWORD 
This  r e p o r t  s u m m a r i z e s  the work  per formed under the 
National Aeronautics and Space Adminis t ra t ion 's  Contract  NAS 8-5499, 
"Resea rch  and Development of Improved Heat Ster i l izable  Potting 
Compound," for  the per iod 1 January 1964 to  31 March 1964. 
work  is sponsored by the Engineering Mater ia l s  Branch  of the 
Propuls ion and Vehicle Engineering Division, George C. Mar shal l  
Space Flight Center ,  Huntsville, Alabama. Mr. John T. Schel l  is 





Figure  1. Four  rod, embedded electrode test chamber  . 
Figure  2. Construction of heating ovens . 
Figure  3. Fabricat ion of uranium glass-tungsten graded 
g lass  sea ls  
Uranium glass-tungsten electrode graded g lass  
seals . Figure  4. 
F igu re  5. Completed uranium g las s -tung s t en electrode 
graded seal . 
Figure  6. Effect of t he rma l  s t r e s s  on Sylgard-182 as a 
function of cure ,  hardness  and weight loss  . 
F i g u r e  7. Shell Chemical Corporation H-25 hardness  
and weight change under the rma l  s t r e s s  
F igu re  8. Shell Chemical Corporation X-24 r e s i n  hard-  
nes s  and weight change under the rma l  stress . 
Figure  9. Infrared spectrum of Dow Corning XR-6-3477 . 
F i g u r e  10. In f r a red  spectrum of Dow Corning Sylgard 182 
r e s i n  . . 
F i g u r e  11. Inf ra red  spectrum of Genera l  Elec t r ic  155-45- 
3026 r e s i n  
F i g u r e  12. Inf ra red  spectrum of Genera l  Electr ic  L T V  615 
r e s i n  . 
Figure  13. Inf ra red  spec t rum of Genera l  Electric S- 5364 
r e s in  . 
F i g u r e  14. Inf ra red  spectrum of Minnesota Mining and 
Manufacturing SK 495 r e s i n  . 
F i g u r e  15. Inf ra red  spec t ra  of Minnesota Mining and Manu- 
facturing SK 493 res in  . 
F i g u r e  16. Inf ra red  spec t rum of Minnesota Mining and Man- 
ufacturing SK 496 r e s in  
F i g u r e  17. Inf ra red  spec t ra  of Dow Corning Sylgard 182 



















Figure  18. 
F igu re  19. 
F igu re  20. 
F igu re  21. 
F igu re  22. 
F igu re  23. 
F igu re  24. 
F igu re  25. 
F igu re  26. 
F igu re  27. 
F igu re  28. 
F igu re  29. 
F igu re  30. 
F igu re  31. 
Infrared spectrum of General  Electr ic  L T V  615 
crosslinking agent . . 
Infrared spec t rum of Dow Corning S-5364 c r o s s -  
linking agent . 
Infrared spectrum of General  Elec t r ic  155-45- 
3026 crosslinking agent . . . 
Infrared spec t rum of the crosslinking agent for 
Dow Corning XR-6-3477 r e s in  . 
Infrared spec t rum of crosslinking agent for  
Minnesota Mining and Manufacturing SK 493 r e s i n  
Infrared spec t rum of crosslinking agent for  
Minnesota Mining and Manufacturing SK 495 
r e s in  , . . . . . . 
Infrared spec t rum of crosslinking agent for  
Minnesota Mining and Manufacturing SK 496 
r e s in  , . 
Infrared spec t rum of Dow Corning R-7501 r e s in  
Infrared spec t r a  of Dow Corning R-7501 r e s i n  
and molecular ly  disti l led R-7 50 1 coded as 
R-7501-H . 
Infrared spec t rum of disibyl benzene 
Infrared spec t rum of dicumyl peroxide 
Infrared spec t rum of Shell  Epon H 2 5  r e s i n  
. 
Infrared spec t rum of Shell  Epon X 24 r e s i n  . 
Infrared spec t rum of Hughes Ai rc ra f t  Com- 
pany Hardener System A .  





































PROGRAM PLAN AND ACCOMPLISHMENTS . 
Pre l imina ry  Screening . 
Experimental  P rocedures  for P re l imina ry  Evaluation 
Tes t s  
Experimental  Resul t s  of Pre l iminary  Screening Tes t s  
P re l imina ry  Evaluation Tes ts  
Polymer  Modification . 
Fi l l e r  
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ABSTRACT 
2 ~ 7 %  
A vacuum t r a in  is being fabricated in which the ma te r i a l s  which 
passed  the pre l iminary  screening tes t  will be fur ther  evaluated. The 
t r a in  is pumped in three  s tages  by a mechanical  roughing pump, by a 
m e r c u r y  diffusion pump, and cryogenically by liquid nitrogen. The 
specimens exposed to the low p res su re  environment c rea ted  by this 
t ra in  will be measured  for  dielectr ic  constant, dissipation fac tor ,  and 
insulation r e s i s t ance  a t  regular  intervals  over  a 500 hour t e s t  span. 
The t e s t  specimens will be maintained at  150" C. 
Infrared spec t r a  of the prepolymers  and their  crossl inking 
agents have been taken from the ma te r i a l s  which will be exposed to the 
low p r e s s u r e  thermal  environment of the t e s t  vacuum train.  
have been made to t r a p  and analyze by inf ra red  spectroscopy any 
condensable gases  o r  liquids emanating f rom the t e s t  specimens.  The 
spec t r a  of these ma te r i a l s  will then be compared to the spec t r a  of the 
s tar t ing ma te r i a l s ,  to determine the source of the condensible 
ma te r i a l s .  
Provis ions 
Samples of quartz  have been received f r o m  var ious  vendors for 
evaluation as f i l l e r s  for  the bes t  res ins .  
been designed to make these f i l l e rs  m o r e  compatible with the r e s i n s  
through the development of suitable finishes. 
A s m a l l  synthesis  effort has  
The molecular s t i l l  has  been se t  up. This  device will be avai l -  
able for  the modification of any suitable ma te r i a l s  f rom the pre l iminary  
evaluation t e s t. 
P re l imina ry  screening tes ts  have been completed on Shell  
Epon H25 and Epon X24. 
f r o m  the Marshal l  Space Flight Center ,  s e v e r a l  a l te rna te  c u r e s  for 
Dow Corning Sylgard 182 were  tr ied.  
suggested cu res  produced mater ia l s  which were  equivalent to those 
produced by the c u r e s  used by the Hughes Ai rc ra f t  Company ea r l i e r  in 
the program. 
At the suggestion of project  management 




this repor t  period the work  on the rma l  t reatment  fo r  
mois ture  absorption recovery  w a s  completed. 
An important discovery bear ing very  heavily on  the goals of this  
program has been made in the course  of a n  investigation into ma te r i a l s  
for use in the Phoenix miss i le  and the AMCS for the F-11lA. The d i s -  
covery i s  a mathematical  equation which accurately predicts  the 
thermal  coefficient of expansion of a composite sys tem f r o m  the 
coefficients of thermal  expansion of the r e s i n  and the f i l ler .  
measurements  which cor re la te  with the calculated values were  a l l  
made a t  t empera tures  below the Tg of the investigated mater ia l s .  The 
use of this equation aids  in  the formulation of the low coefficient of 
thermal  expansion ma te r i a l s  required by t h i s  p rog ram and should prove 
most  valuable in saving investigation t ime. 
The 
2 
PROGRAM PLAN AND ACCOMPLISHMENTS 




The Hughes approach to NAS 8-5499, "Research and Development 
of Improved Heat Steril izable Potting Compound, 
phases.  
ing phase i s  complete,  and a l l  the candidate ma te r i a l s  have been 
selected for submission to a simulated space environment. 
promising ma te r i a l s  will be modified according to the information 
found in  the l i t e ra ture  search  and gleened f rom the experimental  p ro -  
cedures .  The modified mater ia l s  will be submitted to the tes t s  
specified in the request  fo r  proposal. ( 2 )  Recommendations fo r  future 
fruitful work will be made on the bas i s  of the r e su l t s  of th i s  program. 
is divided into s ix  
The l i t e ra ture  sea rch  is complete.  ( l )   he pre l iminary  sc reen -  
The most  
PRELIMINARY SCREENING 
The pre l iminary  screening t e s t  was divided into two par ts .  
r e su l t s  of both t e s t s  were  pooled to determine the bes t  candidate 
ma te r i a l s  for fur ther  evaluation. These  t e s t s  a r e  descr ibed  in the 
Second Quar te r ly  Report .  
The 
EXPERIMENTAL PROCEDURES FOR PRELIMINARY EVALUATION 
TESTS 
Vacuum t r a ins  were  fabricated for  the P re l imina ry  Evaluation 
The t r a ins  consist  of a double manifold, Tes t  phase of the program.  
which is consecutively pumped in th ree  s tages ,  a mechanical pump, 
a m e r c u r y  diffusion pump, and cryogenically pumped stage using liquid 
nitrogen. The t r a ins  have a capacity of 25  specimens.  
specimens a r e  four rod  embedded electrode dielectr ic  tes t  spec i -  
mens.  ( 3 ,  4, 5, 6 )  The specimens a r e  prepared ,  measu red  in the 
ord inary  measuring fixture,  then shielded and assembled  into the g lass  
t e s t  chambers  with coaxial leads and thermocouples.  
chambers  a r e  then assembled  to the vacuum t ra ins  with hea te r s  to 
provide the appropriate  thermal  environment for the tes t .  
of the assembly  of the constituent p a r t s  of the vacuum t r a in  t e s t  ce l l s  
a r e  shown in F igures  1 through 5. 
The tes t  
The g lass  tes t  
The details  
1 
F i g u r e  1. F o u r  rod,  embedded e l ec -  I 
1 
t r o d e  t e s t  chamber .  A -  
spec imen  chamber ;  B - 
U -  shaped l iquid ni t rogen 
c ryo t r ap ;  C - sea l ed  t ip  
u s e d  to ex t r ac t  gaseous  
samples  f o r  spec t roscopic  
ana lys i s  a f t e r  tes t ;  D - to  
exhaust  manifold. 
F igu re  2. Construct ion of heating ovens.  R e s i s t a n c e  w i r e  is  
wrapped around a pyrex  th imble  to  fo rm an  oven 
f o r  t he  t h e r m a l  exposure  of the  p re l imina ry  eval-  
uation t e s t s .  Lef t  to right:  th imble  and a s b e s t o s  
pape r ;  thimble wrapped with a s b e s t o s  paper  (note  
c i r c l e d  hook- shaped anchor s  f o r  the  n i ch rome  
w i r e ) ;  thimble wound with n i ch rome  w i r e ;  com-  

















F i g u r e  3. Fabr i ca t ion  of uranium g la s s - tungs t en  g raded  g l a s s  s ea l s .  
Left  t o  right:  tungsten pins;  tungsten pins  with vacuum drawn 
u ran ium g l a s s  shea ths ;  u ran ium g l a s s  tube; tungsten conduc- 
tor pins  fo r  embedded e lec t rode  a n d  the rmocoup les  sea l ed  
i n  t e s t  c h a m b e r  cap. 
F i g u r e  4. Uranium glass - tungs ten  e l ec t rode  g r a d e d  g l a s s  s e a l s .  The  
g l a s s  shea thed  pins  and the t e s t  chamber  c a p  a r e  hea ted  in  





F i g u r e  5. Completed u r a n i u m  glass - tungs ten  e lec t rode  g r a d e d  g l a s s  
seal .  Note how the pins a r e  held i n  p lace  before  fusion by 








As the i l lustrat ions cited show, provisions for  spectroscopic 
analysis  have been built into the test  chamber .  Inf ra red  spec t r a  of 
the r e s i n s  and crossl inking agents have been taken for  many of the 
ma te r i a l s  which will be submitted to the test .  Gases  and condensible 
liquids f rom the cryotraps will be analyzed by in f r a red  spectroscopy, 
and the spec t rograms will be compared to those of the crosslinking 
agents and r e s ins ,  taken ea r l i e r .  
EXPERIMENTAL RESULTS O F  PRELIMINARY SCREENING TESTS 
The ma te r i a l s '  names ,  types, manufac turers ,  hardener  concen- 
t ra t ions ,  cu re  schedules,  and special  considerations a r e  shown in 
Table 1, as they were  p repa red  for the p re l imina ry  screening tes t s .  
The numbers  used  a r e  consistent with those used in e a r l i e r  r epor t s  on 
this program. (7) The cu res  on the additional samples  of Sylgard 182 
were  suggested by project  management in Huntsville. 
Table 2 summar izes  the moisture  r e s i s t ance  data  for  Shell 
Epon X24 and for the three  al ternate  c u r e s  suggested fo r  Sylgard 182. 
The numbering sys t em for  Table 1 is a l so  used in Table 2. 
The r e s u l t s  of the Heat Aging Screening Tes t  a r e  summar ized  in 
Table 3 for the a l te rna te  c u r e s  of Sylgard 182, and for Shell Epon H25 
and X24. The specimens a r e  numbered according to the scheme used 
in Table 1. 
The r ecove ry  of the mater ia l s  f rom the visible effects  of the 
mois ture  exposure is shown in Table 4. The data repor ted  is f o r  a l l  
ma te r i a l s  not covered in previous r epor t s ,  except LTV 615. Additional 
samples  of this ma te r i a l  were delayed in t rans i t ,  and therefore  the 
t e s t  could not be included in this report .  
The cured  Sylgard 182 produced according to the cu res  suggested 
by project  management a t  Huntsville, and those ma te r i a l s  repor ted  in 
e a r l i e r  r e p o r t s  on this p r o j e c t ( 7 )  a r e  ve ry  close in their  behavior. 
F igu re  6 i s  a plot of a l l  the data taken to date on Sylgard 182. The 
convergence of the data i s  very obvious. 
7 
S p e c i a l  
C o n s i d e r a t i o n s  
a n d  C o m m e n t s  
Mate r i a l  
Name 
Sy lga rd  
182 
M a t e r i a l  
Type  -~ 
Unfi l led 
s i l i c o n e  
M a t e r i a l  
M a n u f a c t u r e r  
Dow Corn ing  
H a r d e n e r  
Concen t  r a t i o n  
10  p a r t s  by  we igh t  
S y l g a r d  182 c r o s s -  
l inking agen t  to 100 
p a r t s  b y  we igh t  
r e s i n .  
C u r e  Schedu le  
8 h o u r s  a t  100°C 
N u m b e r  
9A C u r e s  t o  a s t r a w  
ye l low t r a n s -  
p a r e n t  r e s i n .  
- 
C u r e s  t o  a s t r a w  
ye l low t r a n s -  
p a r e n t  r e s i n .  
9B Unfi l led 
s i l i c o n e  
Dow Corn ing  10 p a r t s  by  we igh t  
S y l g a r d  182 c r o s s -  
l inking a g e n t  to 100 
p a r t s  by  we igh t  
r e s i n .  
20 h o u r s  a t  100°C Sy lga rd  
182 
Sy lga rd  
182 
H-25 
9 c  Dow Corn ing  1 0  p a r t s  by weight  
S y l g a r d  182 c r o s s -  
l inking a g e n t  to  100 
p a r t s  by weight  
r e s i n .  
4 h o u r s  a t  150°C C u r e s  t o  a s t r a w  
ye l low t r a n s  - 
p a r e n t  r e s i n .  
Unfi l led 
s i l i c o n e  
Unfi l led 
epoxy  
r e s i n  
25  S h e l l  
C h e m i c a l  
C u r e s  t o  ye l low 
a m b e r  a n d  t r a n s -  
p a r e n t  m a t e r i a l .  
19 p a r t s  by we igh t  
Hughes  H a r d e n e r  "A' 
to  100 p a r t s  by 
we igh t  of H-25 .  
4 h o u r s  a t  20°C  
16 h o u r s  a t  105°C 
24  h o u r s  a t  125°C 
26 X - 2 4  Unfi l led 
r e s i n  
epoxy  
S h e l l  
C h e m i c a l  
4 h o u r s  a t  20°C  
16 h o u r s  a t  105'C 
2 4  h o u r s  a t  155°C 
16 p a r t s  by  we igh t  
Hughes  H a r d e n e r  "A 
t o  100 p a r t s  by  
we igh t  r e s i n .  
C u r e s  t o  l ight  
ye l low a m b e r  
t r a n s p a r e n t  
m a t e r i a l .  B a s e  
r e s i n  i s  p u r e  
d ig lyc idy l  e t h e r  
of b i spheno l  A. 
Table 1. Mater ia l  summary ,  
Weight 
sample 
qumber .$- Sample 
Corning 
Sylgard 182 
Durometer I Passes  
After Comments on Appearance 
Dur ing  exposure material  
turns to a translucent 






During exposure material  
turns to a translucent 
light yellow material 
9B Dow 
Corning 






During exposure material  
turns to a translucent 
light yellow material  
Corning 
Sylgard 182 
No visible change 
I x-24 
Table 2. Summary  of mois ture  r e s i s t ance  t e s t s .  
8 
C u r e  
Schedule  
8 hour s  a t  
100°C 
Pe rcen t  Shore  
Weight Hardness  Condi- 
Loss, P a s s e s  t ional  
hours Befo re  After  T e s t  Pass C o m m e n t s  
40A2 54A2 Yes  Yellow co lo r  -1. 1 











9 c  
Mate r i a l  and 
Manufacturer  
Sy lga rd  182 
Dow Corning 
Sy lga rd  182 
Dow Corning 













H a r d -  
e n e r  
<\Al l  
H-25 
Shel l  
C h e m i c a l  
X-24 
Shel l  
Chemica l  
Hughes 
H a r d -  






20 hour s  
a t  100°C 
4 h o u r s  a t  
150°C 
Thermal Moisture 
Resist-  Resist-  Recovery 
ance ance Bake 
Weight Weight Weight 
Original Post  Moisture Post Recovery Change, Change, Change, 
Material Appearance Test Bake percent percent percent 
Sylgard-182 Water white, White, Yellow, -0. 26 to. 70 -0. 92 
clear / translucent transparent 
Sylgard-182 Water white, White, Yellow, -0.45 to. 89 -0. 90 
clear translucent transparent 
4 h o u r s ,  
20°C 
16 h o u r s ,  
105°C 
2 4  hour s ,  
125°C 
9B 
9 c  
10 
4 hour s ,  
20°C 
16 hour s ,  
105" C 
2 4  hour s ,  
155°C 
Sylgard-182 Yellow, c lear  Yellow, Clear,  slightly - 1. 10 to. 27 -0.84 
Sylgard-182 Yellow,clear Yellow, Clear,  slightly -0. 97 t o .  21 -0.75 
translucent more yellow 
translucent more yellow 
XR-6-3477 Water white, Whitish, Returned to -0.74 t 0.03 -0. 50 
clear translucent original 
aDDearance 
545 hours  
545 hour s  
-0. 29 
504 hour s  
- 0 .  3 1  
545 h o u r s  
I 
Yellow color  
da rkened  in  t e s t  
54A2 Yes  Yellow co lo r  
da rkened  in  t e s t  
90D Yes  
Table 3 .  Summary  of heat aging. 
9A I Sylgard-182 I Yellow, clear Yellow, I Clear, slightly I -1. 10 I t o .  21 I translucent more yellow 
I - I -  13 I LTV-615 I Water white, White, I No data avail- 1 -1. 05 clear I translucent able yet 
I - I -  Water white, White, I No data avail- I -1. 05 l4 I LTV-615 I clear  I translucent able yet 
















I I I I I I I I I I 
0 48 96 144 192 240 288 336 408 456 520 
HOURS HEAT AGING AT 150°C 
DOW CORNING 
SYLGARD -182 
-g-*CURE: 4 HRS @ 150° C 
----@----CURE 20 HRS (iD IOOOC 
0 SAMPLE N 0 . 5  v SAMPLE N 0 . 6  
L=3 SAMPLE N0.7 0 SAMPLE N0 .8  
0 SAMPLE N0.9  * SAMPLE NO. IO 
- - ~ J - - - c u R E :  8 HRS (@ IOOOC 
a,,I,+AVERAGE FROM ALL SAMPLES 
DOW CORNING 
SYLGARD - I82 
-+-CURE: 15 MIN @I5O0C a SAMPLE N 0 . I  
0 SAMPLE N0.2 
0 SAMPLE N0.3 
0 SAMPLE N0.4 
-CURE : 4 HRS @ 6 5 o c  
A,. AVERAGE FROM ALL SAMPLES 
F i g u r e  6.  E f fec t  of t h e r m a l  s t r e s s  on  Sy lga rd -182  as  a 
funct ion of  c u r e ,  h a r d n e s s  a n d  we igh t  loss.  
T h e  c u r v e s  a r e  a l m o s t  i d e n t i c a l ,  t h e  m a j o r  
d i f f e r e n c e  being i n  the  h a r d n e s s .  The  c u r e  
s c h e d u l e s  a p p a r e n t l y  c u r e  t h e  r e s i n  t o  t h e  
same d e g r e e .  
10 
Figure  7 shows the f inal  resu l t s  for Epon H25 behavior under 
The color of the ma te r i a l  becomes d a r k  enough to the rma l  s t r e s s .  
render  i t  opaque af ter  the 500-hour exposure to heat. This  is due to 
oxidation of the a romat ic  amine crossl inked epoxy and the generation 
of da rk  colored dye bodies f rom the amine. 
The behavior of the Epon X24 i s  shown in F igure  8. The curing 
ra t io  of 16 pa r t s  of hardener to 100 p a r t s  of r e s i n  was  suggested by 
the r e s in  supplier.  
that 20 p a r t s  of hardener  to 100 pa r t s  of r e s in  s e e m s  to give a m o r e  
sat isfactory cured  resin.  
darkened to the point of opacity during the 545 hours  of t he rma l  s t r e s s .  
Work on this ma te r i a l  in other p rograms  indicates 
As in the case  of Epon H25, the X24 ma te r i a l  
PRELIMINARY EVALUATION TESTS 
As the mater ia l s  which passed the P re l imina ry  Screening Tes t  
were  passed  along to the P re l imina ry  Evaluation phase of the program,  
inf ra red  spec t ra  of the prepolymers  and the crosslinking agents were  
taken. 
the polymers ,  provide clues  to  possible synthesis solutions to the 
requi rements  of the p rograms ,  and to determine which constituents of 
the cured  polymer contribute the most  mater ia l s  to  any volatile 
consti tuents which might be cryotrapped during the P re l imina ry  
Evaluation phase of the program. 
These spec t r a  were  taken to elucidate the genera l  s t ruc tu re  of 
An analysis  of the infrared findings on the sample ma te r i a l s ,  
along with representat ions of the spec t r a l  t races ,  follows. 
Dow Corning XR-6-3477, Sylgard 182, Genera l  E lec t r i c  
155-45-3026, LTV 615, S-5364, and Minnesota Mining and Manufacturing 
SK-495 
Their  spec t r a l  charac te r i s t ics  indicate that they a r e  principally methyl 
s i l icones with t r imethyl  end groups. 
Si-OH groups. General  Electr ic  LTV 615 appears  to have the longest 
chain length a s  indicated by the lowest Si (CH ) : S i  (CH ) absorbance 
ra t io  of the group. 
produced v e r y  s imi la r  spec t ra  ( s e e  F igu res  9 through 14). 
All contain a s m a l l  amount of 






















H-25 WT HARDENER "Le' 
CURE: 4 HRS @ RT + 
16 HRS 15OoC 
+ 2 4  HRS @ 
15OoC 
0 SAMPLE NO. 3 
0 SAMPLE NO. 4 
AVERAGE FROM 
ALL SAMPLE 
S H E L L  CHEMICAL 
H - 2 5  W T  HARDENER "A" 
CURE: 4 H R S @  RT + 
16 HRS @ 105OC + 24 HRS @ 
15OOC 
a SAMPLE NO. I 
0 SAMPLE N 0 . 2  




I I I I I I I I 
136 184 248 296 344 3 9 2  456 504 
HOURS HEAT AGING AT 15OoC 
F i g u r e  7.  S h e l l  C h e m i c a l  C o r p o r a t i o n  H - 2 5  h a r d n e s s  
a n d  weight  change  u n d e r  t h e r m a l  s t r e s s .  T h e  
m a t e r i a l  shows  v e r y  s m a l l  c h a n g e s  i n  h a r d -  
n e s s  a n d  weight  ou t  to  504 h o u r s .  
12 
I .  
I 
SHELL CHEMICAL 
X- 2 4  
CURE: 3 HRS @ ROOM TEMP W (3z a 4-16 HRS 0 105OC + 24 HRS @ 15OoC 
SAMPLENOI 





g o  A AVERAGE FROM 













Figure  8. 
I I I I I I 1  I 
111 159 207 276 324 388 408 481 
HOURS HEAT AGING AT 150° C 
I 
5 4 5  
Shell Chemical Corporation X - 2 4  r e s in  hardness  
and weight change under  the rma l  s t r e s s .  The 
ma te r i a l  shows no changes in  hardness  and 
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Minnesota Mining and Manufacturing SK 493 and SK 496 (see  
F igu res  15 and 16) contain phenyl as well  as methyl groups on the 
si loxane chain. They a l so  possess  t r imethyl  t e rmina l  groups. 
The spec t ra  of the curing agents for  Dow Corning Sylgard 182, 
XR-6-3477, General  E lec t r i c  155-45-3026, LTV 615, and S-5364, a r e  
charac te r ized  by the presence  of the Si-H band a t  2230 cm 
F igures  17 through 21).  S-5364 crosslinking agent appears  to have 
the la rges t  percentage of Si-H groups per  molecule.  
and Si-CH vibrations.  Sylgard 182 curing agent a l so  contains 
si 0 groups. 
Manufacturing SK 493 and S K  495 indicate shor t  chain si lanols possessing 
ethylenic groups. 
si loxane but si lanol groups a r e  pract ical ly  absent. The spec t r a  fa i l  
to show a Si-C band a t  1250-60 cm o r  Si-(CH3)3 bands at 841 c m - l  
and 754-6 cm 
di rec t ly  to S i  but probably through 0 linkages ( s e e  F igu res  22, 23 and 
24). 
-1 ( s e e  
All show Si-0-Si ,  
3 
The spec t r a  of the crosslinking agents f o r  Minnesota Mining and 
That of SK 496 a l so  indicates an ethylene type 
-1 
-1 . This  indicates that the C groups a r e  not attached 
R-7521 and R-7501 a r e  both phenyl methyl s i l icones with very  
s i m i l a r  s t ruc tures .  The amount of phenyl groups in these s t ruc tu res  
is quite high. Apparently no t r imethyl  te rmina l  groups a r e  present  as 
indicated by the absence of Si(CH3)3 bands a t  855 c m - l  and 755 cm-'. 
- 1  The in f r a red  spec t ra l  pa t te rn  between 2000 cm- '  and 1600 c m  indi- 
cate  monosubstituted phenyl groups in the compounds. Molecular s t i l l  
t r ea tmen t  of R-7501 to produce R-7501 H apparent ly  resu l ted  in 
removal  of low molecular weight f rac t ions  ( s e e  F igu res  25  and 26). 
The spec t r a  of the curing agents for  these r e s i n s  a r e  s t ra ightforward.  
Disilylbenzene shows the charac te r i s t ic  Si-H band at 2230 cm 
in f r a red  pat tern indicative of parasubsti tuted phenyl groups is present  
between 2000 cm and 1600 cm . The spectrum of dicumyl peroxide 
shows the monosubstitution pattern fo r  phenyl groups between 2000 cm 
and 1600 cm 
1160 cm , 1030 cm , 905 cm , 760 cm , 690 c m - l ,  and bands 
due to the isopropyl groups a t  1370 cm- ' ,  1360 cm 
-1 . An 
-1 -1 
-1 
-1 -1 , monosubstitution bands a t  1490 c m - l ,  1175 cm , 
-1 -1 -1 -1 
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Probable  assignment for the peroxide s t ruc tu re  is given to the band 
a t  849 c m - l  ( s e e  F igu res  27 and 28). 
H25 and X24 r e s i n s  a r e  epoxy compounds. Epoxy groups a r e  
-1 -1 and 1240 cm shown bythe bands a t  913 cm 
spec t rum of these mater ia l s .  
p resent  in H25, a s  indicated by the band a t  3450 ern-'. Both r e s i n s  
have quite low epoxide equivalents, below 200, as determined by the 
relat ive intensit ies of the epoxide bands a t  913 cm -' . (8)  The epoxide 
equivalent of H25 is slightly higher than that of X24. 
in the inf ra red  
A sma l l  amount of -OH groups is 
The spectrum of the curing agent for the epoxy r e s i n s ,  Hardener  
-1  
A, shows bands f o r  -SH group at 2480 c m  
3400 cm-' ,  3300 cm 
and for -NH2 group a t  
and 1600 cm ( s e e  F igu res  29, 30 and 31). -1 -1  
POLYMER MODIFICATION 
The dispar i ty  between the coefficients of l inear  t he rma l  
expansion specified by project  management in Huntsville, and those 
that a r e  obtainable f rom the unmodified ma te r i a l s  being evaluated 
under the present  p rogram,  makes it necessa ry  to investigate the 
effect  of f i l l e rs  on the r e s i n s  current ly  being evaluated. 
Quartz ,  because of i t s  low d ie lec t r ic  constant, high degree of 
t ransparency ,  and low coefficient of expansion, would seem most  
l ikely to fulfill the requi rements  of this  program.  
Some of the Hughes personnel whose t ime is par t ia l ly  commit ted 
to this  program a r e  engaged in improving the proper t ies  of r e s i n s  in 
support  of the Phoenix F i r e  Control System for the F - l l l A , a n d  have 
discovered a mathematical  relationship between the amount of res in ,  
the amount of f i l l e r ,  and the magnitude of the res in- f i l l e r  cow-posite's 
coefficient of l inear  t he rma l  expansion. 
to help meet  the goals of this  program. 
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Because of i t s  excellent e lectr ical  p roper t ies ,  quar tz  h a s  been 
found to be useful a s  a f i l l e r  for  such polymer sys t ems  a s  epoxy r e s ins  
and silicone rubbers .  
compound, S i02 ,  i t  can have a number of physical  crystal l ine forms.  
Some of these a s  well a s  their  transit ion tempera ture  and specific 
gravi t ies  a r e  shown below. 
Although chemically quartz  i s  a relatively s imple 
Quartz c- 870°C -w Tridymite f- 1470" C -D Cristobal i te ,  m. p. 
2. 65 2. 26 2. 32 1710°C 
The l a s t  two f o r m s  can exist  indefinitely a t  room tempera ture ,  although 
at  such a tempera ture  they a r e  metastable.  
morphic  f o r m s  of si l ica ex is t s  in two subsidiary f o r m s  with the following 
t ransi t ion points: 
Each of the above poly- 
a - ,G quartz  a - /3 tr idymite a - F cr is tobal i te  
573" c 120-160°C 200-275°C 
Crys ta l s  of quar tz ,  t r idymite ,  and cristobali te consist  of t h r e e -  
dimensional networks of te t rahedra of S i04  joined so that each oxygen 
a tom is  common to  two tetrahedra.  
linked that they acquire  a s p i r a l  formation, and the c r y s t a l  is optically 
active. The in te r ior  of quartz  is  in e lec t r ica l  equilibrium. However,  
the surface of the c rys ta l s  
completely satisfied. 
to be absorbed  on the surface and held by hydrogen bonding. 
schematic  representat ion i s  shown in the diagram below. 
In quar tz  the t e t r ahedra  a r e  so 
i s  composed of ions whose valences a r e  not 
This allows volatile contaminants such a s  water  
A 
H2° I H2° 
L --- 
crystal  surface 
33 
‘ I  
The energy of bonding i s  roughly 2 to  5 Kcal/mol.  
used a s  a f i l ler ,  outgassing of the water  may  occur  under  cer ta in  
conditions which may adverse ly  affect  the proper t ies  of the composite. 
This water  can be removed by calcination. 
f lour has  been used a s  f i l l e r s  f o r  epoxy casting r e s ins  f o r  e l ec t r i ca l  
When such quartz  i s  
Such a calcined quartz  
applications. ( 9 )  
F i s s u r e s ,  c r acks  and i r regular i t ies  in the quartz  par t ic les  m a y  
a l so  represent  some ser ious  problems in that it grea t ly  inc reases  the 
surface a r e a  where  absorption can take place and a l so  m a k e s  i t  difficult 
to outgas the quartz  before being used a s  a fi l ler .  
gassed  quartz could lead to the evolution of undesirable volati les during 
operating conditions to  which the composite sys tem m a y  be subjected. 
Improper ly  out- 
Thus, the chief problems which may be present  in the use  of 
quartz  a s  a fi l ler  may  be summar ized  a s  (1) the highly polar  na ture  of 
the surface of the c rys ta l  which allows the at t ract ion of act ive volatile 
species  and ( 2 )  the  physical charac te r i s t ics  of the sur face  which may  
lead to inability to  outgas the quartz  properly.  
number of procedures  which improve the compatibility of quar tz  with 
epoxy and silicone r e s in  sys t ems ,  
Below a r e  l i s ted  a 
1. Replacement of Adsorbed Water with Compounds that  a r e  
ComDatible with the Resin Svstems 
a. Reaction with Ornanosilazanes 
H-OH H-OH 
c i 
- S i  - 0 - S i -  t 2 
/ \  / \  




- S i - 0 - S i -  
















3 4  
Silizanes such a s  hexamethylcyclotrisilazane may be advantageously 
employed since they offer g r e a t e r  possibil i t ies of additional bonding 
between the polymer and the quartz crystal .  F o r  example,  one can 
envision the following layer  on the quartz.  
p Reactive s i te  
0’ I ‘CH3 
H 
i 
- Si - 0 -Si 
/ \  / \  -
quartz  crystal  
b. Reaction with Ornanohalosilane s 
H- OH 
4 
- Si - 0 -S i  - t R3SiC1 ---D H-0-SiR3 
A\ ’\ I 
+ HCI -
quar tz  
c 
- Si - 0  -Si  
/ \  /\ 
c rys t a l  -
quar tz  
c rys ta l  
D i  and trifunctional s i lanes  can also be employed t o  give additional 
bonding between the quartz  substrate  and the polymer system. 
C .  Replacement of the Water with Silandiols 
By equilibrating quartz with a silandiol it i s  possible to replace 
some of the adsorbed water .  If the molecular  weight of the silandiol 
3 5  
i s  l a rge  enough, outgassing would be negligible. F o r  example,  the 
following equilibrium is possible : 
HOH R 
-Si----Si- t t HO ( B i -  01 H 
/ \  / \  
R 
quartz  
- S i - 0  -Si-  t H 2 0  
/\ / \  
- 
quartz  
The residual hydroxy groups can then en te r  into combination 
with the polymeric system. 
2. Removal of Water by Phys ica l  Means 
It i s  possible to remove the water  by heating and the simultaneous 
application of a vacuum so that the outgassed m a t e r i a l  i s  removed f r o m  
the system. 
monomer  or  epoxymonomer  which can then act  a s  an  effective 
subs t ra te  to bond the polymer to the quartz.  
The resulting clean surface i s  then exposed to a si l icone 
3 .  Modification of the Surface of the Quartz  to El iminate  Cracks  
.~ ~ 
and Ridges 
The purpose of this  procedure i s  to  minimize the su r face  a r e a  
with respect  to  volume. 
i s  through the use of HF-N2 mixture .  
react ive and th i s  action would resu l t  in a smoothing action. 
would r eac t  with the S i 0  
One method by which th i s  can  be accomplished 
The s h a r p  r idges would be m o r e  
The H F  



















S i 0 2  t 4 H F  I SiF4(gas)  t H 2 0  . 
The result ing t rea ted  sil ica would then be heated and outgassed. 
PREDICTING COEFFICIENT OF LINEAR THERMAL EXPANSION 
Severa l  t imes  in the past  attempts have been made  to  predict  the 
coefficient of t he rma l  expansion of a res in- f i l l e r  mix ture  f rom a 
knowledge of i t s  composition and of the coefficients of i t s  ingredients. 
The value of such predictions for screening ingredients and f o r  formu-  
lating ma te r i a l s  to match given coefficients is quite obvious. 
If the f i l l e r  i s  iner t  with respect  to  the res in  one would expect the 
coefficient of the mixture  t o  have some value intermediate  between those 
of the ingredients,  and such i s  the case.  Thus,  the problem i s  that of 
properly weighting the coefficients of the ingredients. 
weighting fac tors  should be such as to allow for  both the volumes of the 
ingredients and the shapes of the f i l ler  par t ic les .  
Obviously the 
In the past  the difficulties involved in  allowing fo r  the shape fac tor  
l e d  to the development of two formulae,  one fo r  finely divided f i l l e r s  
and one for  f ibrous f i l lers .  
e l a s tomers  loaded with different finely divided f i l l e r s  was available fo r  
checking one of the formulae,  
observed values with those calculated f rom the formula indicated that 
the discrepancies  were  not due to random e r r o r  but r a the r  that t he re  
was a definite positive bias to the calculated values. 
A relatively l a rge  amount of data on 
A s ta t is t ical  analysis  comparing the 
Recently in  the course  of some work on a loaded epoxy r e s in ,  the 
same  problem was encountered. 
the bias were  successful.  
original model were  necessa ry  to accomplish this. 
of geometr ic  averaging r a the r  than ar i thmetic ,  ( 2 )  both the volume 
weighting factor  and the coefficient of the f i l l e r  should be those of the 
z e r o  porosi ty  f i l ler .  
This t ime at tempts  made to  remove 
It was found that two modifications of the 
The re  were  (1) use  
Since neither of the fi l lers used in this work had zero  
porosity,  the la t te r  condition might appear  to violate physical principles.  
However,  when one considers  that the the rma l  expansion of a hollow 
37 
sphere i s  the same  a s  that of a solid sphere of the same  ma te r i a l  and 
the same radius,  then the logic of the condition i s  plain. A porous 
mixture  should have the same  coefficient of t he rma l  expansion a s  a 
non-porous m a s s  of the same composition. 
The relationship would make screening of res in- f i l l e r  easy. The 
upper limit of the coefficient of a given sys tem will be the coefficient of 
the continuous phase ( res in) .  
coefficients of both the continuous and the d i spe r se  phase and a l so  upon 
the closest  packing ratio. By assuming that the f i l l e r  par t ic les  consis t  
of sma l l  uniform sphe res ,  a reasonable approximation to the ra t io  can 
be obtained. Thus, the condition fo r  obtaining a specified coefficient 
f rom a given sys tem is :  
The lower l imit  will  be dependent upon the 
L 
a 0 .  26 a O .  74 < a ~ a 
r f r 
whe r e  
Q = the specified coefficient 
r 
f 
a = r e s in  coefficient 
a = f i l ler  coefficient 
If this  condition i s  me t ,  then the ma te r i a l  having the des i red  coefficient 
of t he rma l  expansion can be formulated by using a res in-volume f rac t ion  
of: 
The f i l ler  volume fraction i s  
V f = l  - v  r 
38 
GONC LUSIONS 
At the present  t ime work has  been completed o r  i s  going forward  
in five of the s ix  phases  of the program. 
the p rogram will produce a formulation o r  formulat ions based on 
commercial ly  available mater ia l s  that  will  have a dielectr ic  constant 
between 4 and 5 when measu red  at  1000 cycles ,  and a coefficient of 
l i nea r  thermal  expansion that will approach s tee l ,  and will stand 
prolonged serv ice  a t  150°C with 24 hour  exposure to 200°C. 
present  t ime the hardness ,  adhesion, t ransparency ,  elongation, and 
cu re  schedules a r e  subject to doubt. 
P r e s e n t  indications a r e  that 
At the 
39 





T h e  pre l iminary  evaluation t e s t s  will  be completed during the 
month of May 1964. 
1 May 1964. 
The t e s t s  a r e  scheduled to start sometime before 
The coefficient of l inear  thermal  expansion will  be investigated,  
and a l l  efforts will  be made  to improve th i s  proper ty  significantly in  
the t ime remaining to the program. 
The vendors who supplied ma te r i a l s  fo r  evaluation in  this  pro-  
g r a m  will be contacted if the i r  ma te r i a l s  reached the pre l iminary  
evaluation phase of the program. 
will  be used t o  guide any future work with commerc ia l  and semi-com-  
m e r c i a l  ma te r i a l s ,  and to give some direction to any future synthesis  
p rogram related to this project  o r  its extensions. 



























Deve lopmen t  of I m p r o v e d  Hea t  S t e r i l i z a b l e  Po t t ing  Compounds ,  
R. B. F e u c h t b a u m ,  NAS 8-5499,Hughes A i r c r a f t  Company ,  
R e p o r t  P 6 3 - 6 1 ,  C u l v e r  Ci ty ,  C a l i f o r n i a ,  15  O c t o b e r  1963. 
___ _____ __ ~- 
R e q u e s t  f o r  P r o p o s a l ,  T P  3-85483,  G e o r g e  C. M a r s h a l l  Space  
F l i g h t  C e n t e r ,  NASA, Hun t sv i l l e ,  A l a b a m a ,  M a y  1963. 
E f f e c t s  of High  Humid i ty  on D i e l e c t r i c  P r o p e r t i e s  of C a s t i n g  
R e s i n s  9 H. K. G r a v e s ,  M. A. P i z z i n o ,  E l e c t r i c a l  Manufac tu r ing ,  
A p r i l  1956. 
Deve lopmen t  of I m p r o v e d  T h e r m a l  Shock  R e s i s t a n t  D i e l e c t r i c  
M a t e r i a l s  f o r  E m b e d d i n g  E l e c t r o n i c  C o m p o n e n t s ,  R. B. F e u c h t b a u m ,  
C. J. B a h u m ,  J. B. R u s t ,  F i n a l  R e p o r t ,  C o n t r a c t  NObs  84027,  
J u n e  1961. 
- - 
P h y s i c a l  a n d  E l e c t r i c a l  P r o p e r t i e s  of E p o x y  R e s i n s  a s  a F u n c t i o n  
of C h e m i c a l  Compos i t ion ,  R. B. F e u c h t b a u m ,  E l e c t r o c h e m i c a l  
Soc ie ty  Mee t ing ,  Ind ianapol i s ,  Ind iana ,  M a y  1961. 
A F o u r  Rod E m b e d d e d  E l e c t r o d e  T e s t ,  R. B. F e u c h t b a u m ,  F i f t h  
C o n f e r e n c e  on  E l e c t r i c a l  Insu la t ions  , Chicago ,  I l l i no i s ,  
S e p t e m b e r  1963. 
Deve lopmen t  of I m p r o v e d  H e a t  S t e r i l i z a b l e  Po t t ing  Compounds ,  
R. B. F e u c h t b a u m ,  Second Q u a r t e r l y  R e p o r t ,  H u g h e s  A i r c r a f t  
Y 
Company ,  R e p o r t  P 6 3 - 9 3 ,  C u l v e r  Ci ty ,  C a l i f o r n i a ,  page  5, 
15 J a n u a r y  1964. 
I n f r a r e d  S p e c t r a  of P l a s t i c s  a n d  R e s i n s ,  R. E. K a g a r i s e  a n d  
L. A. W e i n b e r g e r ,  N a v a l  R e s e a r c h  L a b o r a t o r y ,  li ash ing ton ,  D. C. , 
N R L  R e p o r t  4369,  26 May  1954. 
Kuns ts tof fe ,  52,  6 1 - 6 ,  A.  R o s t .  ( 1 9 6 2 ) .  
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F i g u r e  
F i g u r e  1. 
F i g u r e  2. 
F i g u r e  3. 
F i g u r e  4. 
F i g u r e  5. 
T i t l e  
Hughes  
R e f e r e n c e  No.  
F o u r  r o d ,  embedded  e l e c t r o d e  t e s t  c h a m b e r .  R-97347 
A - s p e c i m e n  c h a m b e r ;  B - U-shaped  l iqu id  
n i t r o g e n  cry-otrap;  C - s e a l e d  t ip  u s e d  t o  ex-  
h a u s t  g a s e o u s  s a m p l e s  f o r  s p e c t r o s c o p i c  
a n a l y s i s  after t e s t ;  D - to  e x h a u s t  man i fo ld .  
C o n s t r u c t i o n  of heat ing ovens .  R e s i s t a n c e  R-97340 
\v i r e  i s  \ \ , rapped a round  a p)-rr’r  t h i m b l e  t o  
f o r m  a n  oven  f o r  t he  t h e r m a l  e x p o s u r e  of 
t h r  p r e l i m i n a r ) .  eva lua t ion  t e s t s .  Lef t  t o  
r igh t :  t h i m b l e  and  a s b e s t o s  p a p e r ,  t h i m b l e  
w r a p p e d  with a s b e s t o s  p a p e r  ( n o t e  c i r c l e d  
hook-shaped  a n c h o r s  fo r  t h e  n ic - rome w i r e ) ,  
t h i m b l e  ulorind mrith n ichro i i ie  \ \ . ire,  c o m p l e t e d  
oven.  
Fabr i c i ’ . i on  of u r a n i u m  g l a s s - t u n g s t e n  g r a d e d  
g l a s s  seals.  Lef t  to r igh t :  tungstr>n p i n s ,  
t ungs t en  p ins  with vaci ium d r a w n  u r a n i u m  
g l a s s  s h e a t h s ,  u r a n i u m  glass t-ube, t ungs t en  
conduc-ter p ins  for  e m b e d d e d  electrode,  a n d  
t h e r m o c o u p l e s  s e a l e d  in  t e s t  c h a m b e r  cap. 
R-97341 
U r a n ium g 1 a s s - tung s t en  e 1 c,c t r o d e  g r a d  e d 
g l a s s  s e a l s .  T h e  glass s h e a t h e d  p ins  a n d  t h e  
t e s t  c h a m b e r  cap a r e  h e a t e d  i n  t h e  g l a s s  
b l o w e r ’ s  l a t h e ,  and then  ho t  p r e s s  f o r m e d  in -  
to  o n e  p i ece .  
R-97345  
Coinplc ted  u r a n i u m  g l a s s - t u n g s t e n  e l e c t r o d e  R-97346 
g r a d e d  5ea l .  Note how t h e  p ins  cFre hc,ld i n  
p l a c e  b i , fo re  ius ion  b) t h e  g r a p h i t c  dic .  
' .  
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